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ABSTRACT 

We present the discovery of a bright (J = 13.94±0.03) T dwarf, 2MASS 1503+2525, identified in a 
new, wide-held search for T dwarfs using the recently completed Two Micron All Sky Survey (2MASS). 
The 1-2.5 (im spectrum of this object exhibits the strong H 2 O and CH 4 bands characteristic of mid- 
and late-type T dwarfs, and we derive a spectral type of T5.5 using both the Burgasser et al. and 
the Geballe et al. classification schemes. Based on its spectral type and the absolute magnitudes of 
known T dwarfs, we estimate the distance of this object as 8±3 pc if it is single, likely within 10 pc 
of the Sun. Our new 2MASS search, which covers 74% of the sky and greatly expands on earlier color 
constraints, should identify 15-25 new T dwarfs with J < 16. Combined with the 20 known members of 
this class that already fall within our search criteria, our new sample will provide improved statistics for 
such key quantities as the binary fraction and the field substellar mass function. Furthermore, multiple 
detections from overlapping 2MASS scans provide multiple epoch astrometry and photometry, and we 
present proper motions for five T dwarfs in our sample. 

Subject headings: Galaxy: solar neighborhood - infrared: stars — stars: individual (2MASS 
J15031961+2525196) — stars: low mass, brown dwarfs 


1. INTRODUCTION 

T dwarfs are low-temperature (T e ff < 1300-1500 K) 
brown dwarfs exhibiting distinct absorption bands of CH 4 
in the near-infrared H- and K-bands (Kirkpatrick et al. 
1999; Burgasser et al. 2002b; Geballe et al. 2002). They 
are distinguished from warmer L-type (Kirkpatrick et al. 
1999; Martin et al. 1999) and M-type dwarfs in the near- 
infrared by the presence of these molecular features, in 
addition to significant H 2 O and collision-induced (CIA) 
H 2 absorption (Saumon et al. 1994). Since the discov¬ 
ery of the prototype of this class, Gliese 229B (Nakajima 
et al. 1995; Oppenheimer et al. 1995), over 30 T dwarfs 
have been identified, most in the wide-held Two Micron 
All-Sky Survey (Skrutskie et al. 1997, hereafter 2MASS) 
and Sloan Digital Sky Survey (York et al. 2000, hereafter 
SDSS). Classification schemes for these objects based on 
near-infrared spectral morphology have been defined by 
Burgasser et al. (2002b) and Geballe et al. (2002). 

T dwarfs identified in wide-held surveys are all likely 
within 25 pc of the Sun, the limiting distance for the 
NASA/NSF NStars Project. Indeed, brown dwarfs in gen¬ 
eral may constitute a signihcant population in the Solar 
Neighborhood, roughly equal in number to the stellar pop¬ 
ulation (Reid et al. 1999; Chabrier 2002). They have gen¬ 
erally eluded detection, however, because of their intrin¬ 
sic faintness. As the Solar Neighborhood is the basis for 


many studies of stellar atmospheres, star formation and 
evolution, initial mass function, and Galactic structure, 
characterizing the local substellar population is of some 
importance. This is especially true at closer distances, 
such as the 10 pc RECONS sample (Henry et al. 1997), 
where the stellar census is far more complete, but few L- 
or T-type stars and brown dwarfs are currently known. 

In this article, we present the discovery of a bright 
T dwarf, 2MASS J15031961+2525196 6 (hereafter 2MASS 
1503+2525), identified in a new search of the all-sky 
2MASS Working Point Source Database (WPSD). The 
spectrophotometric distance of this object places it within 
10 pc of the Sun. In §2 we describe our new wide-held T 
dwarf search and compare it to previous search efforts. In 
§3 we discuss the identification of 2MASS 1503+2525 in 
our search and its subsequent confirmation as a T dwarf 
using the Lick 3m Gemini Infrared Camera. In §4 we de¬ 
rive the spectral type and spectrophotometric distance of 
2MASS 1503+2525. We discuss our results in §5. 

2. THE 2MASS WIDE-FIELD T DWARF SEARCH 

Our current program is a continuation of a previous 
2MASS search (Burgasser et al. 2002b) conducted when 
this survey was roughly 50% complete. 2MASS is ideal for 
identifying T dwarfs, as the JHK S filters it has employed 
sample the peak of the spectral energy distribution of cool 
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brown dwarfs, enabling us to probe relatively deeply and 
over a large area of sky. A total of 17 T dwarfs were de¬ 
tected in our earlier search in three separate samples: a 
primary sample covering 16,620 deg 2 , requiring J < 16, J- 
H 0.3, and II - K g <c 0.3 for candidates selected from the 
2MASS WPSD; and two auxiliary samples selected from 
2MASS Incremental Release Data with smaller search ar¬ 
eas but somewhat different color criteria. However, the 
overall stringent color cuts used in this search prevented 
our detecting early- and mid-type T dwarfs (Leggett et 
al. 2000), while our small sample resulted in large statis¬ 
tical uncertainties for population statistics such as the T 
dwarf space density and substellar mass function (Bur¬ 
gasser 2001; Burgasser et ah; in preparation). 

Our current search effort, using the 2MASS WPSD, at¬ 
tempts to address these shortcomings in two ways. First, 
we have expanded our color criteria to J-H < 0.3 or H- 
K s < 0, allowing detection of objects with redder near- 
infrared colors (and hence earlier spectral type), or faint 
objects with larger photometric uncertainties that were 
not identified in our first primary sample. These color con¬ 
straints are required to exclude an overwhelming number 
of background stars, as discussed below, and effectively 
limit our search to spectral types roughly T4 and later 
(Burgasser et al. 2002b; Leggett et al. 2002). We continue 
to impose signal-to-noise (S/N), photometric complete¬ 
ness, and reliability constraints by selecting only those 
candidates with J < 16 (S/N ~ 10 completeness limit) and 
both J- and H-band detections. Second, with the recent 
completion of 2MASS survey operations, we are now able 
to search the entire sky for T dwarfs, excluding only those 
regions with very high source densities and hence likeli¬ 
hood of source confusion: the Galactic Plane (|6| < 15°), 
the Large and Small Magellanic Clouds, and various dense 
or obscured stellar regions such as 47 Tuc and the Orion 
Nebular Cluster. We have also excluded the Equatorial 
poles (| S | > 88°) because of restrictions on observational 
followup. In total, our current search encompasses 30,400 
deg 2 , or 74% of the sky, increasing our previous sample 
area by over 80%. We expect to find roughly 15 new T 
dwarfs in this sample based on the increased areal coverage 
alone, and up to 10 additional red and/or faint T dwarfs 
based on the number of objects found in the Burgasser et 
al. (2002b) auxiliary samples. 

In Figure 1 we plot the J-H and H-K s Hess diagram 
(Hess 1924) of our 264,068 2MASS-selected candidates, se¬ 
lected from over 1.3 billion sources in the 2MASS WPSD, 
along with the 2MASS colors of T dwarfs detected by 
2MASS and SDSS (Table 7 in Burgasser et al., 2002; 
and Table 4 in Geballe et al., 2002; all photometry from 
2MASS). The density of candidates is highest near our 
color constraints, particularly at the early-type end of the 
Bessell & Brett (1988) dwarf track and near the turnoff 
between the dwarf (late-K to early-M type) and giant 
tracks. The vast majority of these candidates are likely 
faint background stars, which are densely centered at and 


around the Bessell & Brett (1988) tracks. While our 
2MASS-selected candidates are required to have no op¬ 
tical counterparts within 5" in the USNO A2.0 catalog 
(Monet et al. 1998), based on the observed extreme red 
colors of known T dwarfs (R-J > 9; Golimowski et al. 
1998), a substantial number of faint sources, proper mo¬ 
tion stars, closely-separated visual binaries, and optically 
red sources (the USNO A2.0 catalog requires detections in 
both R and B bands) remain. Hence, we visually examine 
multiple-epoch Digital Sky Survey (DSS) images of all can¬ 
didate fields to exclude these contaminants. Of the roughly 
70,000 candidates so far examined, 99.5% have been elim¬ 
inated in this manner. The remaining steps of our search 
process, as discussed in Burgasser et al. (2002b), include 
follow-up near-infrared imaging for the elimination of mi¬ 
nor planet contaminants, optical imaging to exclude faint 
background stars, and near-infrared spectroscopy for final 
identification. These follow-up observations are currently 
underway. 

Our color and magnitude constraints encompass 20 T 
dwarfs previously identified by 2MASS and SDSS, listed 
in Table 1'. This sample is already larger than that 
studied by Burgasser et al. (2002b). Furthermore, seven 
of these sources have multiple detections in the 2MASS 
WPSD due to overlapping or repeated scans, as listed in 
Table 2. These observations, separated by as much as 2 
years, enable us to derive mean proper motions for six of 
the T dwarfs 7 8 , assuming positional uncertainties of 073 9 . 
Note that these values have not been corrected for Solar 
motion. Four of the objects, 2MASS 0937+2937, SDSS 
1346-0031, Gliese 570D, and 2MASS 2339-1352, have 
motions of at least 0'/5 yr -1 . The substantial motions of 
these objects are not unexpected, given that T dwarfs de¬ 
tected by 2MASS are all likely within 20 pc of the Sun. 

A comparison of the multiple-epoch photometry for the 
objects listed in Table 2 gives some hint of photomet¬ 
ric variability. Reasonably significant (maximum AM > 
2 a) variations are seen at J-band for SDSS 0926+5847 
(2.8cr), 2MASS 1237+6526 (2.1cr), Gliese 570D (2.8cr), 
and 2MASS 2339+1352 (3.6<r); and at H-band for SDSS 
1346—0031 (2.3 ct). It is possible that these photomet¬ 
ric variations are intrinsic, as has now been observed for 
a number of brown dwarfs (Bailer-Jones & Mundt 1999, 
2001; Clarke, Tinney, & Covey 2002; Gelino et al. 2002, 
Enoch, Brown, & Burgasser, in preparation). Burgasser 
et al. (2002a) have hypothesized that these variations 
arise from the motions and evolution of patchy condensate 
clouds in the upper atmospheres of early- and mid-type T 
dwarfs; indeed, the variations appear to be greatest at J- 
band, as predicted, and possibly more pronounced in the 
T4.5 SDSS 0924+5847 and T5.5 2MASS 2339+1352 (note 
the equally strong variation in the T8 Gliese 570D, how¬ 
ever.) Such low-level photometric variability as measured 
by the 2MASS J-band filter must be considered carefully, 
however, as the filter bandpass extends well into the 1.4 /mi 
telluric H 2 O band. This results in substantial variations in 


7 Gliese 229B is not listed in Table 1, for at a separation of 778 Nakajima et al. (1995) it is obscured by its brighter primary in the 2MASS 
imaging data. Distant T dwarfs, such as NTTDF 1205—0744 (Cuby et al. 1999), IFA 0231 —Z1 (Liu et al. 2002), and SOri 0538—0236 (Zapatero 
Osorio et al. 2002) are too faint to satisfy our magnitude constraints. 

8 The proper motion for Gliese 570D has been previously reported in Burgasser et al. (2000a), confirming that object’s association with Gliese 
570ABC. 

9 Characterization of the astrometric and photometric properties of 2MASS point sources can be found in Cutri et al. (2002); 
http: //www. ipac.caltech.edu/2mass/releases/second/doc/explsup.html. 
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the J-band zeropoint (up to 0.1 mag) from night-to-night 
and within a single night (Cutri et al. 2002). The source of 
these fluctuations, likely changes in observing conditions 
(terrestrial weather and water vapor), can potentially af¬ 
fect the photometric calibration of late-L and T dwarfs, 
as their spectral energy distributions show far more struc¬ 
ture in the J-band than earlier-type calibration stars. Such 
second-order extinction effects could therefore be responsi¬ 
ble for the apparent variability seen, and a more directed 
program is required to validate these observations. Re¬ 
gardless, our complete sample will provide time-resolved 
astrometric and potentially photometric data for a few 
individual T dwarfs, in addition to improved population 
statistics. 

3. IDENTIFICATION OF 2MASS 1503+2525 
3.1. Initial Selection 

2MASS 1503+2525 is one of the first objects examined 
in our new wide-field search campaign. Astrometry and 
photometry for this object are listed in Table 1, while Fig¬ 
ure 2 shows the 2MASS 1503+2525 field as imaged by 
POSS-I (Wilson 1952), POSS-II (Reid et al. 1991), and 
2MASS. This object is one of our brightest candidates, 
just fainter than the brightest known T dwarf 2MASS 
0559—1404 (Burgasser et al. 2000b). The absence of an 
optical source at the position of 2MASS 1503+2525 im¬ 
plies R—J > 6 (Reid et al. 1991), while its near-infrared 
colors (J-H = 0.08+0.05, H-K s = -0.11+0.08) are sim¬ 
ilar to the T6.5 Gliese 229B (Leggett et al. 1999). The 
optical data also rule out the possibility that this candi¬ 
date is an earlier-type high-velocity proper motion star, 
as no such counterpart is seen at either epoch. Note 
that the bright star 18" North and 103" East of 2MASS 
1503+2525 is the M5 variable star EX Boo (a.k.a. IRAS 
15012+2537, BD+25 2864, HIP 73662), classified as a nor¬ 
mal giant/supergiant by Guglielmo et al. (1997). A lower 
limit on this object’s Hipparcos distance, d > 680 pc (Per¬ 
ryman et al. 1997), eliminates the possibility that it is 
associated with the T dwarf. 

3.2. Lick Gemini Infrared Camera Observations 

We imaged 2MASS 1503+2525 in the near-infrared on 
27 June 2002 (UT) using the Gemini Twin-Arrays Infrared 
Camera (McLean et al. 1993), mounted on the Lick Obser¬ 
vatory Shane 3m Telescope. Light cirrus was present and 
seeing was l'/2. Short integration (20 sec), J- and K-band 
images unambiguously confirmed the presence of 2MASS 
1503+2525 at its 2MASS position, and no secondary com¬ 
ponent was seen at the seeing spatial resolution of the 
data. 

We subsequently obtained low-resolution (A/AA ~ 500) 
JHK spectra using the Gemini Camera’s grisms on two 
separate nights, 28 June 2002 and 19 August 2002 (UT). 
Conditions for the first night (J- and K-band spectra) were 
affected by heavy cirrus and 2 " seeing, while smoke and 
light cirrus (l'/5 seeing) were present on the second night 
(H-band spectrum). For both sets of observations, 2MASS 
1503+2525 was first acquired in imaging mode and placed 
into a 1"4 slit. Sets of nodded (30") pairs were obtained 
with individual integration times of 180-300 sec, for total 
integrations of 1800 sec at J- and K-bands, and 2000 sec 
at H-band. Nod pair sets of the F 8 V HD 133460 were 


obtained for calibration immediately after the target ob¬ 
servations and at similar airmass. 

Spectral images were pairwise subtracted; divided by 
a normalized, median-combined set of flat-field quartz 
lamp observations; and corrected for bad pixels by lin¬ 
ear interpolation. Spatial curvature was measured using 
the calibrator star dispersion lines, and spectral curvature 
was measured from Argon lamp spectra obtained during 
each of the observing runs. These lamp spectra were also 
used for wavelength calibration, using the identifications of 
Stringov & Sventitskii (1968). Target and calibrator spec¬ 
tra at each nod position were then individually extracted 
and interpolated onto a common wavelength scale. Rel¬ 
ative flux calibrations and telluric corrections were made 
by dividing target spectra by calibrator spectra at each 
nod position, interpolating over Paschen and Brackett Hy¬ 
drogen lines. The resulting individual spectra for each 
band were multiplied by a 6095 K blackbody (Tokunaga 
2000, corresponding to spectral type F 8 V) and averaged. 
2MASS magnitudes were used to flux calibrate the sepa¬ 
rate bands by the prescription of Burgasser et al. (2002b). 

Figure 3 plots the reduced Gemini Camera grism spec¬ 
trum of 2MASS 1505+2525. Signal-to-noise ratios are 
roughly 17 at J, 13 at H, and 9 at K. CH 4 bands at 1.15, 
1.4, and 2.2 /an, and H 2 O bands at 1.1, 1.3, and 1.9 /jm 
are clearly evident, as are the 1.25 /im K I doublet lines. 
The 1.17 /im K I doublet lines are obscured by noise at 
the bottom of the 1.1 /im H 2 O and CH 4 absorption trough. 
CIA H 2 is responsible for the slope on the red side of the 
K-band peak. These features are characteristic of mid- 
and late-type T dwarfs (Burgasser et al. 2002b; Geballe et 
al. 2002 ), and confirm 2MASS 1503+2525 as a bona-fide 
T dwarf. 


4. THE SPECTRAL TYPE AND SPECTROPHOTOMETRIC 
DISTANCE OF 2MASS 1503+2525 

We derived the spectral type of 2MASS 1503+2525 us¬ 
ing the independent classification schemes of Burgasser et 
al. (2002b) and Geballe et al. (2002). Spectral indices for 
both schemes sample the major H 2 O and CH 4 bands in 
T dwarf spectra, while the scheme of Burgasser et al. also 
includes color indices between the various spectral peaks. 
Measured ratio values and individual subtype determina¬ 
tions are listed in Table 3, following the procedures out¬ 
lined by these two classification schemes. The substan¬ 
tial scatter amongst the Geballe et al. indices is caused by 
sampling low signal-to-noise regions in the Gemini Camera 
spectrum; similarly, the 2.2/nn CH 4 , K/J 2.ll/mr/2.07/im 
indices in the Burgasser et al. scheme are affected by the 
poor signal-to-noise in the K-band spectrum. Nonetheless, 
both yield a common spectral type of T5.5. 

We confirm this spectral type in Figure 4 by compar¬ 
ing the J- and H-band spectra of 2MASS 1503+2525 to 
UKIRT CGS4 (Mountain et al. 1990) spectral data of the 
T5 2MASS 0559-1404 (Burgasser et al. 2000b; Geballe 
et al. 2002) and the T 6 SDSS 1624+0029 (Strauss et al. 
1999). Adequate comparison can be made between these 
data, as their spectral resolutions are similar (A/AA ~ 
400-500) and all have been corrected for telluric absorp¬ 
tion and flux calibrated. 2MASS 1503+2525 has stronger 
H 2 O and CH 4 absorption bands than 2MASS 0559—1404, 
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but weaker bands than SDSS 1624+0029, consistent with 
a median type of T5.5. 

As noted above, the colors of 2MASS 1503+2525 are 
quite blue, for its assigned spectral type of T5.5, sugges¬ 
tive of either a later spectral type or suppression of K- 
band flux, as is observed in the possibly high surface grav¬ 
ity or metal-poor T dwarf 2MASS 0937+2931 (Burgasser 
et al. 2002b). However, within the photometric uncer¬ 
tainties these colors are still consistent with other mid¬ 
type T dwarfs such as the T5 2MASS 0755+2212 (J-H 
= 0.06+0.17, H-K s = -0.08+0.26) and the T5.5 2MASS 
1534—2952AB (J H = 0.03+0.13, H-K s = 0.03+0.16; 
Burgasser et al. 2002, 2003). Higher accuracy photometry 
of a sample of mid-type T dwarfs is required to determine 
if the colors of 2MASS 1503+2525 are unusually blue for 
its spectral type. 

Both of the comparison objects in Figure 4 have 
known distances from trigonometric parallax measure¬ 
ments (Dahn et al. 2002). Therefore, we can estimate the 
spectrophotometric distance of 2MASS 1503+2525 from 
the absolute 2MASS magnitudes of these objects and data 
from Table 3. If we assume this object has a spectral type 
and hence luminosity similar to 2MASS 0559—1404, it lies 
between 10.7-12.0 pc from the Sun. This estimate may 
be inflated if 2MASS 0559—1404 is a multiple system, as 
suggested by Burgasser (2001) 10 . On the other hand, if 
2MASS 1503+2525 is a later-type, less luminous T dwarf 
similar to SDSS 1624+0029, it lies only 4.9-5.4 pc from 
the Sun. The mean spectrophotometric distance between 
these extremes is 8+3 pc; hence, if it is single, 2MASS 
1503+2525 is likely within the 10 pc RECONS distance, 
and is potentially a member of the 8 pc sample of Reid 
& Gizis (1997). Trigonometric parallax observations are 
currently underway for 2MASS 1503+2525 through the 
USNO Parallax Program (C. Dahn, priv. comm.). 

Given its brightness, it is possible that 2MASS 
1503+2525 could be a binary brown dwarf, as roughly 20% 
of late-M, L, and T dwarfs identified in magnitude-limited 
searches are found to have binary companions with sepa¬ 
rations a < 10 AU (Koerner et al. 1999; Reid et al. 2001; 
Close et al. 2002; Burgasser et al. 2003). The presence of 
a companion would increase our distance estimate by up 
to a factor of 1.4. Gemini images rule out a bright com¬ 
panion beyond 1"2, or 6-13 AU assuming on a distance of 
5-11 pc. Because the apparent separation limit of brown 
dwarf binaries is similar to this observational limit (Bur¬ 
gasser et al. 2003), we cannot rule out the multiplicity of 
2MASS 1503+2525 with any confidence; higher-resolution 
imaging (AO or space-based) or radial velocity monitoring 
are required. 

5. DISCUSSION 

The possibility that 2MASS 1503+2525 lies within 10 
pc of the Sun raises the question of how many late-type 


dwarfs are currently known in this volume. Table 4 lists 
all L and T dwarfs identified to date which are or may po¬ 
tentially be within the RECONS 10 pc horizon, based on 
trigonometric (Dahn et al. 2002; Perryman et al. 1997) or 
spectrophotometric parallax 11 , respectively. We have used 
published spectrophotometric parallaxes for the L dwarfs 
(Cruz et al. 2003; Kirkpatrick et al. 2000) or computed 
them using the spectral type/absolute magnitude relations 
of Dahn et al. (2002), 2MASS photometry, and spectral 
classifications by Kirkpatrick et al. (1999). We derived dis¬ 
tances for the T dwarfs by interpolating over spectral type 
(using the Burgasser et al. scheme) between the 2MASS 
J, H, and K s absolute magnitudes of the L8 Gliese 584C 
(Kirkpatrick et al. 2000; Perryman et al. 1997), T2 SDSS 
1254—0122 (Leggett et al. 2000; Dahn et al. 2002), T5 
2MASS 0559—1404 (Burgasser et al. 2000b; Dahn et al. 
2002), T6 SDSS 1624+0029 (Strauss et al. 1999; Dahn et 
al. 2002), T6.5 Gliese 229B (Leggett et al. 1999; Perryman 
et al. 1997, UKIRT JHK photometry), and T8 Gliese 570D 
(Burgasser et al. 2000a; Perryman et al. 1997). The aver¬ 
age of spectrophotometric distances derived from 2MASS 
JHK S photometry are reported. 

While there are currently 313 known stars spectral type 
M or earlier in 227 systems within 10 pc of the Sun (T. 
Henry, priv. comm.), only 5 L and 10 T dwarfs meet the 
same criteria, if we assume that the spectrophotometric 
distances are accurate. In contrast, mass function simula¬ 
tions by Burgasser (2001), assuming conservatively 'P(M) 
= dN/dM oc M -0 - 5 for 0.01 M 0 < M < 0.1 M 0 12 , predict 
12 L dwarfs (1300 < T eff < 2200 K) and 21 T dwarfs (800 
< T e ff < 1300 K) in the same spatial volume, more than 
twice the number so far identified. The dearth of observed 
L and T dwarfs worsens dramatically if the substellar mass 
function is steeper. The primary reason for this discrep¬ 
ancy is quite simple - searches for these objects using large- 
scale surveys have not yet examined the entire sky. SDSS 
and DENIS programs have only searched a fraction of their 
final survey area, which ultimately will cover one-quarter 
and one-half of the sky, respectively. Searches for L and T 
dwarfs in the all-sky 2MASS survey have only examined 
roughly one-half of the sky. Hence, the expanded areal 
coverage and color criteria of our current search will likely 
identify quite a few of the missing nearby T dwarfs, partic¬ 
ularly those with spectral types later than T4. However, 
some of the latest-type T dwarfs within 10 pc, and objects 
significantly less luminous than Gliese 570D, may be too 
faint to be detected by 2MASS, SDSS, or DENIS, and will 
remain to be uncovered in future surveys. 

2MASS 1503+2525 is a key T dwarf discovery not just 
because of its potential proximity to the Sun, but also 
because it is sufficiently bright to permit both higher- 
resolution spectroscopic study and investigations outside 
the 1-2.5 /iin spectral energy window. In particular, this 
object is a prime SIRTF target for mid-infrared observa- 


10 This object was not resolved in HST observations, however, requiring the hypothetical bright companion to have a projected separation less 
than 0.5 AU (Burgasser et al. 2003). 

11 We computed spectrophotometric parallaxes for all L dwarfs in the compilations of Delfosse et al. (1997, 1999); Kirkpatrick, Beichman, & 
Skrutskie (1997); Kirkpatrick et al. (1999, 2000); Martin et al. (1999); Fan et al. (2000); Gizis et al. (2000); Leggett et al. (2000); Geballe et 
al. (2002); Gizis (2002); Hawley et al. (2002); Lodieu, Scholz, & McCaughrean (2002); Schneider et al. (2002); Cruz et al. (2003); Tinney et 
al. (in preparation); and Wilson et al. (in preparation); and all T dwarfs from Strauss et al. (1999); Burgasser et al. (1999, 2000b, 2002b); 
Leggett et al. (2000); Tsvetanov et al. (2000); and Geballe et al. (2002). See http://spider.ipac.caltech.edu/staff/davy/ARCHIVE/index.html 
for a current list of all known L and T dwarfs. 

12 Chabrier (2002) find <I/(M) oc M -1 , and Reid et al. (1999) find ^(M) oc M” 13 , over the same mass range. 
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tions, a spectral region containing diagnostics of tempera¬ 
ture (e.g., NH 3 at 10.5 /Mil) and atmospheric composition 
(e.g., 6-9 /im. silicate bands) that is largely inaccessible 
due to the intrinsic faintness of these cool brown dwarfs. 
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POSS-I R POSS-II R 2MASS J 2MASS K s 

19 Apr 1950 15 May 1991 22 May 1999 


Fig. 2.— The field of 2MASS 1503+2525, from left to right: POSS-I (R-band), POSS-II (R-band), and 2MASS (J- and K s -bands). Images 
are scaled to the same spatial resolution, 5 X on a side, with North up and East to the left. A 10" box is centered on the position of 2MASS 
1503+2525 in all images. The bright star 18" North and 103" East of the T dwarf is the M5 variable giant EX Boo (Guglielmo et al. 1997). 
Note that two bright sources below EX Boo in the 2MASS images are residual persistence sources caused by that bright star (Cutri et al. 
2002 ). 



Wavelength (+m) 

Fig. 3.— 1.1-2.3 /im spectrum of 2MASS 1503+2525 obtained with the Lick Gemini Camera. CH 4 , H 2 O, CIA H 2 , and K I absorption 
features are labelled. Regions of significant telluric absorption are indicated by the 0 symbols. 
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Table 1 

Known T Dwarfs in the 2MASS Wide-Field Sample. 


Object a 

(i) 

SpT b 

(2) 

2MASS J 
(3) 

2MASS H 
(4) 

2MASS K s 
(5) 

Ref 

(6) 

2MASS J02431371-2453298 

T6 

15.38+0.06 

15.14+0.12 

15.22+0.17 

1 

2MASS J04151954 —0935066 

T8 

15.70+0.07 

15.54+0.12 

15.43+0.20 

1 

2MASS .105591914-1404488 

T5 

13.80+0.04 

13.68+0.06 

13.58+0.06 

2 

2MASS J07271824+1710012 

T7 

15.60+0.07 

15.76+0.17 

15.56+0.20 

1 

2MASS J07554795+2212169 

T5: 

15.73+0.07 

15.67+0.15 

15.75+0.21 

1 

SDSSp J092615.38+584720.9 

T4.5 

15.90+0.07 

15.31+0.10 

15.45+0.19 

3 

2MASS J09373487+2931409 

T6p 

14.65+0.04 

14.70+0.07 

15.27+0.13 

1 

2MASS .110475385+2124234 

T6.5 

15.82+0.06 

15.80+0.12 

> 16.4 

4 

2MASS J12171110 —0311131 

T7.5 

15.86+0.07 

15.75+0.13 

> 15.9 

4 

2MASS .112255432 —2739466AB 

T6 

15.26+0.06 

15.10+0.09 

15.07+0.15 

4,5 

2MASS J12373919+6526148 0 

T6.5 

15.81+0.07 

16.28+0.24 

> 15.9 

4 

SDSSp ,1134646.45-003150.4 

T6 

16.00+0.11 

15.46+0.12 

15.77+0.28 

6 

Gliese 570D 

T8 

15.32+0.06 

15.27+0.09 

15.24+0.16 

7 

2MASS J15031961+2525196 

T5.5 

13.94+0.03 

13.86+0.04 

13.96+0.06 

8 

2MASS J15344984—2952274AB 

T5.5 

14.90+0.06 

14.87+0.11 

14.84+0.12 

1,5 

2MASS ,115462718-3325111 

T5.5 

15.63+0.06 

15.45+0.10 

15.49+0.18 

1 

2MASS J15530228+1532369 

T7 

15.83+0.07 

15.94+0.16 

15.51+0.18 

1 

SDSSp .1162414.37+002915.6 

T6 

15.49+0.06 

15.52+0.11 

> 15.5 

9 

2MASS ,122541892+3123498 

T5 

15.26+0.05 

15.02+0.09 

14.90+0.15 

1 

2MASS J23391025+1352284° 

T5.5 

15.88+0.08 

16.13+0.18 

> 15.5 

1 

2MASS J23565477—1553111 

T6 

15.82+0.07 

15.63+0.10 

15.77+0.19 

1 


a Designations (for 2MASS discoveries) and photometry from the 2MASS PSC. 

b Spectral types from Burgasser et al. (2002b) except for SDSS 0926+5847 (Geballe et al. 
2002 ). 

c Photometry from another epoch satisfy our color and magnitude constraints; see Table 2. 


References. — (1) Burgasser et al. (2002b); (2) Burgasser et al. (2000b); (3) Geballe et al. 
(2002); (4) Burgasser et al. (1999); (5) Burgasser et al. (2003); (6) Tsvetanov et al. (2000); (7) 
Burgasser et al. (2000a); (8) This paper; (9) Strauss et al. (1999). 


Table 2 

Multiple T Dwarf Detections in the 2MASS WPSD. 


Object 

(i) 

SpT 

(2) 

Epoch a 

(3) 

a (J2000) 

(4) 

<5 (J2000) 

(5) 

2MASS J 
(6) 

2MASS H 
(7) 

2MASS K 3 
(8) 

M (yr- 1 ) 15 
0) 

8 (°) b 
(10) 

SDSS 0926+5847 

T4.5 

990422 

09 fe 26 m 

15! 39 

+58°47'21"19 

15.60+0.08 

15.62+0.17 

15.41+0.24 

0"3±0"3 

220+40 



990422 

09 fe 26 m 

15?43 

+58°47'2l"34 

15.74+0.09 

15.64+0.18 

> 16.0 





000320 

09 fe 26 m 

15f 40 

+58°47'20"90 

15.75+0.07 

15.33+0.10 

15.46+0.17 





000320° 

09 b 26 m 

15!38 

+58°47'2l"23 

15.90+0.07 

15.31+0.10 

15.45+0.19 



2MASS 0937+2931 

T6p 

981124 

Ogfcg?™ 

34! 81 

+29°3l'42'. , 66 

14.66+0.04 

14.68+0.08 

15.52+0.24 

l"4±0.2 

150+4 



000402° 

09 h 37 m 

34!88 

+29°31'40'.'99 

14.65+0.04 

14.70+0.07 

15.27+0.13 



2MASS 1237+6526 

T6.5 

990313 

12 h 37 m 

39! 18 

+65 0 26T4'.'59 

15.81+0.07 

16.28±0.24 

> 15.9 

_d 

_d 



990313° 

12 h 37 m 

39 s 20 

+65°26T4'.'81 

16.05+0.09 

15.74+0.15 

> 16.1 



SDSS 1346-0031 

T6 

990122 

13 b 46 m 

46! 43 

-00°31'50"43 

15.89+0.08 

16.02+0.21 

> 15.7 

0"5±0!'3 

275+15 



000604 

13 b 46 m 

46! 43 

-00°3l'50"33 

16.00+0.12 

15.91+0.26 

15.44+0.23 





010203° 

13 /l 46 rn 

46! 34 

-00°3l'50"l3 

16.00+0.11 

15.46+0.12 

15.77+0.28 





010208 

13 b 46 m 

46!38 

-00°31'50"55 

16.12±0.12 

15.88+0.23 

> 15.6 



Gliese 570D 

T8 

980516° 

14 b 57 m 

14! 96 

— 21°21'47"75 

15.32+0.06 

15.27+0.09 

15.24+0.16 

1"9±0"2 

149+3 



990729 

14 b 57 m 

15! 04 

-21°2l'49"72 

15.08+0.06 

15.35+0.14 

15.30+0.21 



2MASS 1534 —2952AB 

T5.5 

980702 

15 b 34 m 

49! 84 

-29°52'27"40 

14.92+0.06 

14.81+0.09 

14.98+0.13 

0'. , 31±0'.T2 

137+11 



980708° 

15 b 34 m 

49! 84 

-29°52'27"42 

14.90+0.06 

14.87+0.11 

14.84+0.12 





000430 

15 b 34 m 

49!87 

-29°52'27"82 

14.97+0.07 

14.72+0.07 

14.85+0.12 



2MASS 2339+1352 

T5.5 

980929 

23 b 39 m 

10!21 

+ 13°52'30'.'20 

15.88+0.08 

16.13+0.18 

> 15.5 

0" 83+0" 11 

159+11 



001029 

23 b 39 m 

10 s 23 

+ 13°52'28'.'56 

16.49+0.15 

15.83+0.24 

> 15.6 





001110 

23 b 39 m 

10!28 

+ 13°52'28'.'64 

16.18+0.11 

15.70+0.17 

> 15.8 





001129° 

23 b 39 m 

10!25 

+ 13°52'28'.'48 

16.24±0.11 

15.82+0.15 

16.15+0.31 




a 2MASS observation date in YYMMDD (UT). 

b Proper motions derived from separate linear fits to Right Ascension and declination motion: uncertainties include the fit uncertainties and 2MASS 
C//3 positional uncertainty. Values have not been corrected for Solar motion. 

c Epoch used in 2MASS PSC. 

d Epoch difference too small to compute proper motion. 
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Table 3 

T Dwarf Spectral Classification Indices for 2MASS 1503+2525 


Index 

(i) 

Burgasser et al. a 
( 2 ) 

Geballe et al. b 

(3) 

1 . 1 /mi H 2 O 

0.274 (5-6) 

4.62 ( 6 ) 

1.3/mi CH 4 

0.784 (5) 

— 

1.5/tm H 2 O 

0.432 (5) 

3.28 (3) 

1.6/im CH 4 

0.364 (5-6) 

2.60 ( 6 ) 

2 . 2 /im CH 4 

0.094 (7) 

10.8 (7) 

H/J 

0.383 (5) 

— 

K/J 

0.131 ( 8 ) 

— 

2.11/im/2.07/im 

1.12 (-) 


Final Spectral Type 

TFT5 

T53 


a Index subtypes determined by closest match to spectral 
standard values; final subtype is the average of the index sub- 
types after rejecting high and low values. 

b Index subtypes determined from predetermined ranges; fi¬ 
nal subtype is the average of the index subtypes. 


Table 4 

Known L and T Dwarfs Within 10 pc of the Sun. 


Object 

SpT a 

2MASS J 

2MASS H 

2MASS K a 

d (pc) b 

Ref. 

2MASS 0036+1821 

L3.5 

12.44+0.04 

11.58+0.03 

11.03+0.03 

8.76+0.06 

1 

2MASS 0835-0819 

L4.5 

13.17+0.04 

11.94+0.04 

11.14+0.04 

9.1 

2 

2MASS 1507-1627 

L5 

12.82+0.03 

11.90+0.03 

11.30+0.03 

7.33+0.03 

1 

GJ 1001B 

L5 

13.10+0.03 

12.05+0.02 

11.40+0.03 

9.55+0.10 

3 

DENIS 0255-4700 

L8 

13.23+0.03 

12.19+0.02 

11.53+0.03 

5.0 

4 

SDSS 0423-0414 

TO 

14.47+0.04 

13.46+0.06 

12.93+0.04 

8.9 

5 

2MASS 1503+2525 

T5.5 

13.94+0.03 

13.86+0.04 

13.96+0.06 

7.8 

5 

2MASS 0937+2931 

T6p 

14.65+0.04 

14.70+0.07 

15.27+0.13 

8.8 

5 

2MASS 0243-2453 

T6 

15.38+0.06 

15.14+0.12 

15.22+0.17 

9.8 

5 

Gliese 229B 

T 6.5 

14.32+0.05° 

14.35+0.05° 

14.42+0.05° 

5.77+0.04 

3 

2MASS 0727+1710 

T7 

15.60+0.07 

15.76+0.17 

15.56+0.20 

9.1 

5 

2MASS 1553+1532 

T7 

15.83+0.07 

15.94+0.16 

15.51+0.18 

9.6 

5 

2MASS 1217-0311 

T7.5 

15.86+0.07 

15.75+0.13 

> 15.9 

8.6 

5 

Gliese 570D 

T8 

15.32+0.06 

15.27+0.09 

15.24+0.16 

5.91+0.06 

3 

2MASS 0415-0935 

T8 

15.70+0.07 

15.54+0.12 

15.43+0.20 

6.7 

5 


a Spectral types from Kirkpatrick et al. (1999, 2000) and Burgasser et al. (2002b), except for 
2MASS 0835-0819 (Cruz et al. 2003) and SDSS 0423-0414 (Geballe et al. 2002). 

b Measured values are listed with uncertainties; spectrophotometric distance estimates are listed 
in italics. 

C UKIRT photometry from Leggett et al. (1999). 


References. — (1) Dahn et al. (2002); (2) Cruz et al. (2003); (3) Perryman et al. (1997); (4) 
Kirkpatrick et al. (2000); (5) This paper. 



